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INTRODUCTION 

Pharmaceuticals  in  the  Environment 

Pharmaceuticals  are  designed  to  have  a  particular  human,  plant,  or  animal  response  and 
are  frequently  active  at  nanomolar  concentrations.  This  activity  that  makes  pharmaceuticals 
useful  to  society  is  also  what  makes  them  so  dangerous:  they  are  well  designed  to  have  effects  on 
the  environment.'  Research  on  pharmaceuticals'  effects  on  non-target  organisms  has  only  begun 
to  come  to  light  in  the  past  five  years.  Several  pharmaceuticals,  including  the  antimicrobial  agent 
triclosan  and  the  antidepressant  fluoxetine  (commonly  known  as  Prozac®),  are  currently  being 
investigated  with  regard  to  their  potentially  detrimental  effect  on  the  environment. 

The  data  in  a  1999-2000  study  of  pharmaceuticals  in  the  environment  conducted  by  the 
United  States  Geological  Survey  (USGS)  showed  detectable  concentrations  of  organic 
contaminants,  including  triclosan  and  fluoxetine,  in  111  of  the  139  sites  sampled.  These 
contaminants  were  assumed  to  be,  in  part,  the  result  of  pharmaceutical  usage  by  humans.  The 
chemicals  are  either  excreted  by  humans  or  thrown  away  in  their  unused  form,  subsequently 
entering  a  wastewater  treatment  system  that  is  unequipped  to  remove  them  from  the  effluent.^'  ^ 

A  standard  wastewater  treatment  plant  (WWTP)  has  three  stages.  The  first  stage,  primary 
treatment,  uses  grates  to  remove  very  large  materials  and  then  allows  the  wastewater  to  settle  in 
tanks.  The  primary  influent  is  drained  off  the  top  of  the  tank  (by  overflowing)  and  organic 
material  and  large  particles  are  left  at  the  bottom  (which  are  disposed  of  in  landfills).  The 
primary  influent  then  goes  to  the  secondary  treatment  stage.  Inside  of  large  tanks,  the  influent  is 
treated  with  microorganisms  and  aerated.  This  procedure  allows  the  microorganisms  to  degrade 
dissolved  organics  in  the  water.  The  water  is  allowed  to  settle  again;  the  microorganisms  sink  to 
the  bottom  and  the  secondary  effluent  overflows  out  of  the  tank.  The  third  stage  involves 


disinfection  through  the  addition  of  chlorine,  and  then  dechlorination  with  the  addition  of  sulfur 
dioxide  so  that  the  chlorine  is  not  released  into  the  environment,  possibly  harming  the  organisms 
living  in  it.  The  resulting  effluent  is  then  released  into  a  nearby  body  of  water.''  The  treatment 
process  is  designed  to  remove  particles  and  organic  human  waste.  However,  the  process  has  a 
minimal  effect  on  many  pharmaceuticals,  which  are  not  normally  degraded  by  microorganisms. 
As  a  result,  the  pharmaceuticals  may  be  released  into  the  environment,  for  which  they  were  not 
intended,  and  can  have  detrimental  consequences.  Up  to  90%  of  a  drug  administered  to  a  human 
can  be  excreted  through  feces  and  urine  and  end  up  in  a  wastewater  treatment  plant,  which 
eventually  releases  that  drug  into  the  environment.^'  ^  Other  possible  modes  of  entry  into  the 
environment  include  pills  that  are  discarded  and  eventually  end  up  in  landfills,  industrial  wastes 
from  pharmaceutical  plants,  and  waste  disposal  from  illicit  drug  manufacturers.^  In  2000,  the 
amount  of  pharmaceuticals  being  leached  into  the  water  supply  from  wastewater  treatment 
plants,  agriculture,  and  other  sources  was  equal  to  that  of  the  amount  of  pesticides  entering  the 
water  supply  each  year.^ 

Triclosan:  Physical  Properties,  Importance,  and  Use 

Triclosan  is  a  chlorinated  diphenyl  ether  that  is  used  primarily  as  a  bacteriocide  (Figure 
1).  It  is  both  stable  and  lipophilic.  It  is  a  common  additive  to  soaps  and  detergents,  toothpaste, 
deodorant,  and  other  consumer  products  such  as  cutting  boards,  toys,  socks,  and  sponges.^  Its 
appeal  stems  from  its  broad  efficacy,  as  triclosan  is  active  against  gram-positive  and  gram- 
negative  bacteria  as  well  as  fungi,  yeasts  and  mold.^°  Triclosan  works  to  non-competitively 
inhibit  the  enzyme  (FabI)  that  catalyzes  the  final  chain  elongation  step  of  fatty  acid  biosynthesis, 
which  is  coded  for  by  the  fabi  gene."  The  triclosan  molecule  blocks  the  activity  of  the  enoyl- 


ACP  reductase  by  increasing  the  enzyme's  affinity  for  NAD*.  Triclosan,  NAD"*^,  and  FabI  form  a 
ternary  intermediate  complex  by  aligning  the  hydroxychlorophenol  ring  of  triclosan  and  the 
nicotinamide  ring  of  NAD*  and  hydrogen  bonding.  The  enzyme  is  inhibited  through  irreversible 
binding  to  this  complex,  and  the  cell  membrane  cannot  effectively  use  NADH  in  order  to  reduce 
the  double  bonds  in  fatty  acid  biosynthesis.'^  Trans-2-enoyl-ACP  is  not  converted  to  acyl-ACP, 
an  important  component  of  phospholipid  formation.  Thus,  triclosan  effectively  halts  the  process 
of  cell  membrane  synthesis  and  the  cell  is  destroyed  through  lysis  as  an  effect  of  osmotic 
pressure.'^ 


Figure  1.  The  chemical  structure  of  triclosan,  a  chlorinated  diphenyl  ether  (m.w.  288,  CAS 
registry  #3380-34-5). 


Fluoxetine:  Physical  Properties,  Importance,  and  Use 

Fluoxetine  is  a  bicyclical  derivative  of  phenylpropylamine,  a  chiral  amine  (Figure  2).  It  is 
in  the  category  of  antidepressants  known  as  selective  serotonin  reuptake  inhibitors  (SSRIs). 
Huoxetine,  the  active  ingredient  in  Prozac®,  is  the  most  commonly  prescribed  SSRI  in  the 
United  States.''*  The  drug  is  designed  to  increase  the  levels  of  serotonin  in  the  brain  (by 
preventing  the  reuptake  of  the  neurotransmitter  in  the  synapse),  which  creates  a  feeling  of  well 


being  and  happiness.  The  normal  human  adult  dosage  is  20  to  40  mg/day.  In  addition  to 
medicinal  uses,  it  is  used  by  commercial  shellfish  breeders,  who  add  the  drug  to  tanks  to  increase 
spawning  rates/  It  is  water-soluble'^  and  has  a  half-life  of  approximately  2  to  3  days."'  Both  of 
these  properties  make  it  a  highly  effective  drug,  particularly  the  long  half-life  of  fluoxetine. 
Since  it  remains  in  the  body  for  several  days,  the  possibility  of  a  patient  experiencing  symptoms 
of  withdrawal  due  to  missing  a  dose  or  having  their  dose  lowered  is  much  less  likely.'^  However 
these  same  properties  that  make  fluoxetine  so  effective  also  pose  difficulties  for  analysis  as 
compared  to  organic,  large-scale  pollutants,  which  are  less  polar  and  more  conducive  to 
separation  since  they  can  be  partitioned  from  water  or  other  polar  solvents  more  easily. 


Figure  2.  The  chemical  structure  of  fluoxetine,  a  bicyclical  derivative  of  phenylpropylamine 
(m.w.  309,  CAS  registry  #  54910-89-3). 

In  the  liver,  fluoxetine  is  predominantly  metabolized  to  norfluoxetine  via  demethylation. 
Metabolism  takes  place  via  the  CYP2D6  enzyme;  people  who  are  deficient  in  this  enzyme  have 
difficulty  metabolizing  all  SSRIs  and  often  build  toxic  levels  in  their  bodies  when  exposed  to 
these  drugs. '^  Norfluoxetine,  the  only  identified  metabolite,  has  been  shown  to  be  as  potent  of  an 
SSRI  as  fluoxetine  itself.'^ 


Environmental  Concerns  and  Importance  of  Study 

Pharmaceuticals  and  other  organic  contaminates  released  into  the  environment  can  build 
up  to  highly  toxic  levels  through  three  routes.  One  is  through  the  accumulation  of  compounds  in 
the  sediment  of  rivers  and  streams.  The  second  is  by  long  term,  low-level  exposure  to  a  particular 
chemical. "°  The  third  is  through  biomagnification,  where  a  unicellular  or  small  multicellular 
organism  is  exposed  to  a  low  level  of  a  contaminant,  which  exponentially  increases  through 
various  levels  of  the  food  chain  until  it  reaches  toxic  concentrations  at  the  upper  trophic  levels.  A 
recent  study  suggests  that  triclosan  poses  the  most  threat  to  worm-eating  predators,  due  to  the 
large  role  of  worms  in  the  food  chain  and  the  exposure  to  triclosan-contaminated  soil  that  they 
could  potentially  receive.^'  Although  many  drugs  are  metabolized  by  the  body  prior  to  excretion, 
there  is  still  potential  for  the  metabolites  to  either  convert  back  to  the  original  compound  or  to  be 
harmful  in  their  metabolized  state. ^^  Approximately  60%  of  the  pharmaceutical  concentration  in 
wastewater  has  been  shown  to  disappear  from  detection  during  the  treatment  process;  however, 
this  disappearance  is  not  an  indication  of  the  removal  of  the  pharmaceuticals  as  they  can  be 
adsorbed  to  sludge  or  metabolized  into  active  intermediates.^^ 

The  presence  of  detectable  levels  of  triclosan  in  the  environment  has  several  serious 
implications.  Its  structure  alone  lends  itself  to  two  concerns  -  first,  it  is  structurally  similar  to 
non-steroidal  estrogen  molecules  (see  Figure  3)  and  could  potentially  act  as  an  endocrine 
disruptor."'*  A  study  of  triclosan  in  Japanese  medaka  showed  that,  while  triclosan  is  not  a  potent 
estrogenic,  it  did  affect  some  sex  characteristics  in  the  fish  and  thus  can  be  classified  as  weakly 
androgenic. ■^^  Second,  it  can  become  chlorinated,  especially  during  the  wastewater  treatment 
process.  This  chlorinated  form  has  the  potential  to  thermodegrade  (upon  incineration)  or 


photodegrade  (in  the  presence  of  sunlight)  into  a  lethal  chlorodioxin  (see  Figure  4).'''  ^^''  *^^  These 
chlorodioxins  can  also  be  formed  during  the  manufacturing  process  of  triclosan. 


Figure  3.  The  chemical  structure  of  bisphenol  A,  a  non-steroidal  hormone  that  is  structurally 
similar  to  triclosan. 


Figure  4.  The  chemical  structure  of  2,3,7,8-tetrachIorodibenzo-p-dioxin,  a  chlorodioxin  that  is 
structurally  similar  to  triclosan. 


Another  cause  for  concern  for  triclosan  in  the  environment  is  the  possibility  of  antibiotic 
resistance.  Triclosan  acts  with  a  similar  enzyme  inhibition  as  antimalarial  and  antituberculosis 
drugs  (all  inhibit  the  fatty  acid  biosynthesis  coded  by  the  FabI  gene),"^  and  there  is  concern  that 
long-term,  low-level  exposure  to  triclosan  in  the  environment  could  cause  crossover  resistance  to 
these  drugs  as  well."'*'  "^  The  antimicrobial  effects  can  also  cause  a  disruption  in  the  balance  of 


microorganisms  in  the  wastewater  treatment  process,  which  can  lead  to  indirect  environmental 
effects  including  oxygen  depletion  and  ammonia  intoxication.''^  Both  results  are  due  to 
incomplete  breakdown  of  organic  wastewater  contaminants  by  microorganisms  in  the  oxygen 
tank  stage  of  the  wastewater  treatment  process,  which  is  a  possibility  when  there  are  not  enough 
microorganisms  in  the  treatment  tank. 

Triclosan  has  been  determined  to  be  toxic  to  several  species  of  aquatic  life  forms, 
including  bacteria,  invertebrates,  and  fish  such  as  the  rainbow  trout  and  the  zebrafish.  In  one 
laboratory  study,  a  statistically  significant  reduction  in  survival  of  these  fish  was  reported  at  a 
triclosan  concentration  of  71.3  |xg/L."'  Not  only  were  survival  rates  significantly  decreased,  but 
developmental  retardation  was  observed  as  well.  Triclosan  is  also  toxic  to  algae  at  very  low 
concentrations  with  an  EC50  (the  concentration  at  which  an  effect  is  observed  in  50%  of  the 
population)  of  1.5  |ig/L.^'^' 

Environmental  effects  of  fluoxetine  have  also  been  investigated  previously.  Serotonin 
levels  have  been  shown  to  affect  many  physiological  roles,  including  various  reproductive 
functions,  heartbeat  rhythm,  swimming,  and  hormonal  releases.^  At  concentrations  up  to  100,000 
times  higher  than  levels  currently  being  detected,  but  up  to  200  times  lower  than  the  average 
human  dosage,  fluoxetine  was  shown  to  retard  growth  of  duckweed  (Lemna  gibba)  and  sunfish 
(Lepomis  gibbosus),  and  to  stimulate  spawning  in  both  the  male  and  female  of  certain  clam  and 
mussel  species. ^^' '^^  The  latter  result  was  seen  at  concentrations  ranging  from  approximately  150 
to  400  M-g/L.^  In  crayfish,  fluoxetine  increases  ovary-stimulating  hormone  levels;^^  39  |a.g/L 
concentrations  of  fluoxetine  in  fiddler  crabs  will  affect  the  release  of  gonad-stimulating 
hormones."  The  effects  of  fluoxetine  on  the  reproductive  health  of  other  species  of  fish  are 
currently  being  investigated. 


Fluoxetine,  while  possibly  only  producing  limited  results  by  itself,  has  been  shown  to  be 
extremely  lethal  in  combination  with  other  drugs.  One  drug  in  particular,  a  common  cholesterol 
drug  known  as  clofibric  acid,  dramatically  increased  the  toxicity  of  fluoxetine.  Pharmaceutical 
experiments  on  Daphnia  have  shown  that  the  two  drugs  in  combination  increase  the  number  of 
females  in  a  population  at  lower  concentrations;  higher  concentrations  produce  high  numbers  of 
deformities  related  to  swimming  and  motility,  and  have  a  90%  mortality  rate.^  This  observation 
of  pharmaceuticals  acting  in  synergy  is  extremely  important,  since  the  average  wastewater 
sample  has  been  shown  to  have  detectable  concentrations  of  approximately  eight 
pharmaceuticals,  therefore  actual  environmental  effects  may  be  difficult  to  determine  when  only 
one  drug  is  tested  in  the  lab. 

Research  Objectives 

This  research  project  had  three  main  goals.  The  first  was  to  sample  geographically 
diverse  wastewater  treatment  plants  for  effluent  water.  The  second  was  to  determine  the 
concentrations  of  two  pharmaceuticals  suspected  to  be  in  wastewater  effluent  that  is 
subsequently  released  into  the  environment  after  treatment.  The  third  was  to  formulate  a 
preliminary  risk  assessment  based  on  the  concentrations  found  in  the  wastewater  effluent 
compared  to  the  toxicity  data  that  has  previously  been  published.  Triclosan  and  fluoxetine  were 
chosen  as  the  focus  of  this  project  because  of  their  high  rate  of  usage  -  triclosan  is  found  in  many 
brands  of  soaps  and  consumer  products,  and  fluoxetine  is  the  most  common  SSRI  prescribed  in 
the  US.  In  the  USGS  study,  triclosan  was  the  fifth  most  common  substance  found  in  surface 
water  (in  57.6%  of  sites  sampled);  fluoxetine  ranked  only  82nd  (in  1.2%  of  sites  sampled).'  This 


is  in  part  due  to  the  fact  that  fluoxetine  is  a  prescription  drug  that  a  smaller  portion  of  the 
population  uses,  as  opposed  to  triclosan,  which  is  readily  available  in  over-the-counter  products. 

The  importance  of  studies  on  pharmaceutical  concentrations  in  wastewater  and  the 
environment  is  two-fold.  First,  by  showing  if  a  pharmaceutical  is  being  released  into  the 
environment,  the  researcher  can  identify  potential  problems  so  that  preventative  measures  may 
be  taken.  Second,  the  study  can  eliminate  unnecessary  concern  when  the  data  show  that 
detectable  concentrations  and  subsequent  environmental  effects  are  not  seen  in  sampling  sites. ■'^ 

Both  triclosan  and  fluoxetine  have  been  detected  in  surface  water  in  various  sites  across 
the  US;"^  however,  a  focused  study  on  effluent  water  in  Virginia  has  not  been  conducted.  Other 
research  in  the  field  has  focused  primarily  on  the  toxicological  effects  of  these  compounds  in  the 
environment.  In  light  of  other  data  that  has  been  produced  in  prior  studies,  it  is  important  to 
determine  what  concentrations  are  reaching  the  environment  through  Virginia's  water  supply. 
These  data  would  allow  formulation  of  a  preliminary  environmental  risk  assessment. 


METHODOLOGY 

Sample  Collection 

Approximately  4  L  of  wastewater  influent  (water  entering  the  water  treatment  system  for 
treatment)  and  effluent  (water  coming  out  of  the  plant  after  treatment)  were  collected  from 
wastewater  treatment  plants  across  central  Virginia.  Six  main  sites  were  sampled  for  the  presence 
of  triclosan  and/or  fluoxetine:  Amherst,  Charlottesville,  Lexington,  Lynchburg,  Richmond,  and 
Roanoke  (Table  1).  The  diversity  of  sites  allowed  for  a  somewhat  broad  geographical  range  of 
data  to  be  analyzed  while  still  remaining  in  an  easily  accessible  range,  taking  into  account 
environmental  and  demographic  factors. 


Wastewater  Plant 

Area  Served 

Number  of  People 
Served 

Effluent  Location 

Prominent  Local  Features 

Amherst 

Town  of  Amherst 

4,700 

Buffalo  River 

Sweet  Briar  College 

Charlottesville 

Albemarle  County 

80,000 

Moores  Creek, 
Rivanna  River 

UVA/UVA  Medical  Center, 
Martha  Jefferson  Hospital 

Lexington 

Rockbridge  County 

9,000 

Maury  River 

VMI,  W&L,  Stonewall 
Jackson  Hospital 

Lynchburg 

Lynchburg 

80,000-85,000 

James  River 

RMWC,  Liberty,  Lynchburg 

College,  Lynchburg  General 

Hospital 

Richmond 

City  of  Richmond 

300,000 

James  River 

VCU,  MCV,  Cumberland 
Hospital,  St.  Mary's  Hospital 

Roanoke 

City  of  Roanoke 

250,000 

Roanoke  River 

Roanoke  College,  Hollins 

University,  Roanoke 

Memorial  Hospital 

Table  1.  Wastewater  treatment  plants  sampled  in  central  Virginia.  This  table  shows  the  size  of 
the  population  serviced  by  the  plant,  the  body  of  water  into  which  the  plant  releases  effluent,  and 
any  local  features  (schools  and  hospitals)  that  could  be  expected  to  affect  triclosan  and  fluoxetine 
outputs.  Locations  were  selected  for  their  size  and  proximity  to  each  other. 
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Samples  were  collected  and  stored  in  covered  polyethylene  containers  that  had  been  acid- 
washed  and  then  rinsed  in  deionized  water  to  remove  any  contaminants.  The  samples  were 
transported  on  ice  and  stored  at  4°C  until  ready  for  testing  and  analysis.  All  samples  were 
processed  within  12  hours  of  collection  in  order  to  minimize  the  occurrence  of  pharmaceutical 
degradation  and  bacterial  growth. 

Sample  Extraction 

Samples  were  filtered  using  Whatman  GF/C  47  mm  glass  microfibre  circle  filters 
(Whatman  International  Ltd.,  England)  to  remove  particulate  matter.  Two  samples  from  each  site 
were  analyzed  -  the  standard,  unspiked  sample  and  a  sample  spiked  to  a  final  concentration  of  2 
(Xg/L  of  the  pharmaceutical  to  be  analyzed  as  a  positive  control.  Samples  were  extracted  using  a 
Waters  Oasis  HLB  (derivatized)  Cig  3cc  Solid  Phase  Extract  (SPE)  cartridge  (Waters 
Corporation,  Milford,  Massachusetts)  that  had  been  primed  with  1  mL  of  methanol  and 
equilibrated  with  1  mL  of  deionized  H2O.  After  the  entire  sample  was  drawn  through  the  SPE 
cartridge  using  a  vacuum  pump,  the  cartridge  was  washed  and  the  sample  was  eluted  into  a  1  mL 
volume  as  described  below.  For  triclosan  extraction,  the  cartridge  was  washed  with  1  mL  of  a 
5%  methanol  solution  in  deionized  water  and  the  sample  eluted  into  100%  methanol.  This  is  the 
standard  SPE  method  provided  with  the  Waters  HLB  cartridge  kit.  The  extraction  efficiency  of 
this  method  was  determined  to  be  26.1%  (±  9.4,  N=4).  For  fluoxetine  extraction,  the  cartridge 
was  subjected  to  two  washes  -  a  standard  1  mL  wash  of  5%  methanol  in  deionized  water  and  a 
basic  1  mL  wash  of  2%  sodium  hydroxide  in  deionized  water  and  50%  methanol.  The  sample 
was  then  eluted  into  an  acidic  solution  of  2%  acetic  acid  in  deionized  water  and  60%  methanol. 
This  is  a  modified  form  of  the  acid/base  method  suggested  in  the  Waters  HLB  cartridge  kit;  the 
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percentages  of  acetonitrile  and  acidic  or  basic  solution  were  determined  experimentally.  The 
extraction  efficiency  of  this  method  was  determined  to  be  38.4%(±  18.8,  N=4). 

Sample  Analysis 

Samples  were  primarily  analyzed  with  an  Agilent  1100  HPLC  photodiode  array  detector 
with  UV/Vis  and  fluorescence  detection.  Triclosan  was  quantified  using  UV  detection  at  230  nm. 
The  UV  spectra  of  Triclosan  has  a  X  maximum  at  230  and  280  nm;  230  nm  was  chosen  for  the 
analysis  wavelength  due  to  better  peak  resolution  and  a  stronger  signal  at  that  wavelength. 
Sample  volumes  of  5  |J.l  of  extracted  wastewater  were  injected  onto  a  Phenomenex  Luna  5 
micron  Cis  250  x  4.6  mm  column  (Phenomenex  Inc.,  Torrance,  California)  in  a  gradient 
acetonitrile/H20  +  1%  acetic  acid  mobile  phase  and  run  for  a  total  runtime  of  25  minutes  (Table 
2).  Column  temperature  was  held  constant  at  25°C  using  a  Phenomenex  Thermasphere  TS-130 
HPLC  temperature  controller  (Phenomenex  Inc.,  Torrance,  California),  and  flow  rate  was  set  at 
0.3  mL/min.  Five  triclosan  standards  (0.5,  L  3,  6,  and  9  mg/L)  in  acetonitrile  were  also  analyzed 
using  the  same  HPLC  method.  Retention  time  of  triclosan  standards  (Ciba  Specialty  Chemicals 
Corporation,  High  Point,  NC  -  Irgasan  DP  300,  Batch  number  P010271)  was  observed  at  12.7 
minutes. 
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Time  (min) 

%ACN 

%H20+aa 

Notes 

0.00 

40.00 

60.00 

lower  strength  eluant,  washes  off  impurities,  TCS  remains 

10.00 

70.00 

30.00 

stronger  eluant  removes  more  polar  TCS 

20.00 

40.00 

60.00 

returns  column  to  equilibrium 

Table  2.  This  shows  the  triclosan  gradient  HPLC  method,  Hsting  percentages  of  acetonitriie  and 
water  with  1%  acetic  acid  at  each  phase  of  the  run.  The  pKa  of  triclosan  is  8.1,  thus  the  acetic 
acid  keeps  the  mobile  phase  at  a  much  lower  pH  than  the  pKa  and  the  triclosan  remains  entirely 
in  its  protonated  form. 

Fluoxetine  was  analyzed  using  fluorescence  detection  with  an  excitation  wavelength  of 
231  nm  and  an  emission  wavelength  of  310  nm.  Sample  volumes  of  5  \i\  of  extracted  wastewater 
were  injected  onto  a  Phenomenex  Luna  5  micron  Cjg  100  x  2.00  mm  column  (Phenomenex  hic, 
Torrance,  California)  in  an  isocratic  65%  KH2P04/35%  acetonitriie  mobile  phase  at  pH  3.0  and 
run  for  a  total  runtime  of  15  minutes. ^^  Column  temperature  was  held  constant  at  40°C  using  a 
Phenomenex  Thermasphere  TS-130  HPLC  temperature  controller.  Four  fluoxetine  standards 
(0.5,  I,  3.3,  and  10  mg/L)  in  acetonitriie  were  also  analyzed  using  the  same  HPLC  method. 
Retention  time  of  fluoxetine  standards  (Sigma-Aldrich  Corporation,  St.  Louis,  MO  -  fluoxetine 
hydrochloride.  Lot  number  072K0789)  was  observed  at  approximately  3.2  minutes. 

A  Hewlett-Packard  5890  Series  n  Plus  gas  chromatograph  and  5972  Series  mass 
selective  detector  were  used  to  collect  GC/MS  data  to  supplement  these  results.  Triclosan 
samples  were  injected  on  an  Agilent  HP-5  column  and  run  using  the  method  in  Table  3. 
Fluoxetine  samples  were  injected  on  an  Agilent  HP-5  column  and  run  using  two  separate 
methods"' ^^  (Tables  4  to  5). 
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Rate  (°C/min) 

Final  Temp 

Time 

Level  1 

25 

120 

2 

Level  2(A) 

5 

250 

15 

Table  3.  The  GC/MS  method  used  to  analyze  triclosan  samples,  with  a  total  runtime  of  45 
minutes. 


Rate  (°C/min) 

Final  Temp 

Time 

Level  1 

20 

180 

30 

Level  2(A) 

10 

250 

10 

Level  3(B) 

50 

40 

5 

Table  4.  The  first  GC/MS  method  used  to  analyze  fluoxetine,  with  a  total  runtime  of  60  minutes. 
This  method  ramps  to  a  maximum  temperature  of  250°C  at  a  slower  rate  compared  to  the  second 
method. 


Rate  (°C/min) 

Final  Temp 

Time 

Level  1 

20 

200 

20 

Level  2(A) 

10 

250 

10 

Level  3(B) 

50 

40 

5 

Table  5.  The  second  GC/MS  method  used  to  analyze  fluoxetine,  with  a  total  runtime  of  47 
minutes.  This  method  ramps  to  a  maximum  temperature  of  250°C  at  a  more  rapid  rate  compared 
to  the  first  method. 
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RESULTS 

Data  Analysis  -  Triclosan 

Analysis  of  HPLC  data  shows  a  detectable  concentration  of  triclosan  in  three  of  the  four 
sites  sampled  (Figures  5  to  12).  The  SPE  method  concentrated  the  amount  of  triclosan  found  in 
the  wastewater  samples  to  above  the  observed  detection  limit  of  62  p-g/L  (actual  concentrations 
calculated  from  the  chromatograms  of  the  concentrated,  solid  phase  extracted  samples  were  in 
the  range  of  1.0  to  3.5  mg/L,  and  calculations  were  necessary  to  determine  the  original 
concentration  of  triclosan  in  the  sample  prior  to  solid  phase  extraction).  The  detection  limit  was 
determined  by  analyzing  progressively  lower  concentrations  of  triclosan  standard,  until  the 
signal-to-noise  ratio  of  the  triclosan  peak  dropped  below  5.0. 

The  locations  of  the  triclosan  peaks  were  determined  by  comparing  the  unspiked  sample 
to  the  spiked  sample;  in  several  instances  the  peak  had  shifted  slightly  and  visually  comparing 
other  peaks  that  appeared  in  both  chromatograms  in  the  surrounding  area  was  necessary  to  locate 
the  triclosan  peak.  This  shift  in  peak  retention  time  could  be  due  to  several  factors.  The  most 
likely  factor  is  a  buildup  of  noneluted  material  on  the  column;  the  matrix  of  wastewater  contains 
many  different  compounds  even  after  solid  phase  extraction  that  could  have  remained  on  the 
,  column  after  method  completion  and  caused  shifts  in  the  peak  retention  times.  The  second  factor 
is  the  possibility  of  slight  differences  in  the  solvent  concentrations  during  the  HPLC  run;  a 
gradient  method  was  used  and  the  flow  of  each  solvent  was  controlled  by  the  computer  rather 
than  being  premixed  with  consistent  percentages  of  each  solvent.  The  third  factor  that  could  have 
contributed  to  the  differences  in  retention  times  is  insufficient  equilibration  between  sample 
injections  -  the  method  was  only  in  the  re-equilibrate  phase  for  five  minutes  between  runs,  and  so 
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the  column  may  not  have  returned  to  a  state  of  solvent  equilibration  before  the  next  run  was 
started. 

All  sample  chromatograms  are  shown  at  a  detection  wavelength  of  230  nm,  due  to  a 
higher  absorbance  and  thus  a  stronger  signal  at  this  wavelength  as  compared  to  the  absorbance  at 
280  nm. 
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Figure  5.  A  representative  chromatogram  of  triclosan-spiked  Charlottesville  WWTP  sample, 
collected  on  7-10-02.  The  triclosan  peak  has  a  retention  time  of  12.67  minutes. 
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Figure  6.  An  enhanced  view  of  an  unspiked  Charlottesville  WWTP  sample  chromatogram 
overlaid  with  a  triclosan-spiked  WWTP  sample  chromatogram,  showing  the  region  where  the 
triclosan  peak  elutes.  The  triclosan  peak  of  the  unspiked  sample  has  a  retention  time  of  12.03 
minutes. 
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DAD1  D,  Sig=230.10  Ref=300.10  (TCSyD7110201.D) 
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Figure   7.   A  representative  chromatogram  of  triclosan-spiked  Lynchburg  WWTP  sample, 
collected  on  7-9-02.  The  triclosan  peak  has  a  retention  time  of  12.81  minutes. 
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Figure  8.  An  enhanced  view  of  an  unspiked  Lynchburg  WWTP  sample  chromatogram  overlaid 
with  a  triclosan-spiked  WWTP  sample  chromatogram,  showing  the  region  where  the  triclosan 
peak  elutes.  The  triclosan  peak  of  the  unspiked  sample  has  a  retention  time  of  13.98  minutes. 
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DAD1  D,  Slg=230.10  Ref=300,10  (TCS\07110205.D) 
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Figure   9.   A   representative   chromatogram   of  triclosan-spiked   Richmond  WWTP   sample, 
collected  on  7-10-02.  The  triclosan  peak  has  a  retention  time  of  12.66  minutes. 


Figure  10.  An  enhanced  view  of  an  unspiked  Richmond  WWTP  sample  chromatogram  overlaid 
with  a  triclosan-spiked  WWTP  sample  chromatogram,  showing  the  region  where  the  triclosan 
peak  elates.  There  is  no  detectable  triclosan  peak  near  the  normal  retention  time  of  triclosan  in 
the  unspiked  sample. 
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DAD1  D.  Sig=230.10  Ref=300.10  (TCS\07110203.D) 
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Figure    11.   A   representative  chromatogram   of  triclosan-spiked   Roanoke   WWTP   sample, 
collected  on  7-9-02.  The  triclosan  peak  has  a  retention  time  of  12.23  minutes. 
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Figure  12.  An  enhanced  view  of  an  unspiked  Roanoke  WWTP  sample  chromatogram  overlaid 
with  a  triclosan-spiked  WWTP  sample  chromatogram,  showing  the  region  where  the  triclosan 
peak  elutes.  The  triclosan  peak  of  the  unspiked  sample  has  a  retention  time  of  12.02  minutes. 

Triclosan  peaks  were  integrated  to  obtain  peak  areas,  which  were  then  used  to  calculate 
concentrations.  A  plot  of  concentration  versus  area  for  the  five  triclosan  standards  was  created 
and  a  line  of  best  fit  was  calculated;  the  area  counts  obtained  in  the  sample  peak  integration  were 
substituted  for  the  x  variable  in  the  line  equation  to  determine  the  concentration  of  each  sample 
peak.  An  average  of  four  analyses  was  taken  to  calculate  the  mean  triclosan  concentration. 
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Triclosan  Standard  Curve  -230  nm 
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Figure  13.  This  graph  shows  a  plot  of  triclosan  standards  and  the  line  of  best  fit  (R^=0.997)  and 
the  equation  used  to  calculate  the  concentrations  of  triclosan  samples  based  on  the  peak  areas. 

This  number  was  then  used  to  calculate  the  original  concentration  of  triclosan  prior  to  solid 
phase  extraction,  using  the  calculated  extraction  efficiency  and  the  measured  sample  recovery. 
The  extraction  efficiency  was  calculated  by  extracting  samples  of  known  triclosan  concentrations 
in  deionized  water,  determining  the  concentration  in  each  chromatographic  peak,  and  dividing  to 
obtain  a  recovery  percentage.  Sample  recovery  was  measured  using  a  1  mL  syringe  to  correct  for 
the  fact  that  less  than  1  mL  of  solvent  was  recovered  in  the  eluting  stage.  The  original 
concentrations  of  triclosan  in  each  sample  are  shown  in  Table  6. 
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Wastewater  Treatment  Facility 

Mean  TCS  concentration,  November 
2001  (^Jg/L) 

IVlean  TCS  concentration,  July 
2002  (Mg/L) 

Cliariottesviiie 

3.8  ±1.6 

1.0±0.1 

Lexington 

8.1  ±1.6 

not  determined 

Lynchburg 

not  determined 

2.2  ±2.5 

Richmond 

not  determined 

not  detected 

Roanoke 

2.2  ±0.7 

1.3  ±0.3 

Table  6.  Mean  triclosan  concentrations,  November  2001  and  July  2002.  Triclosan  was  detected 
in  three  of  the  four  sites  sampled.  Concentrations  are  lower  than  those  determined  in  previous 
sampling. 

Location  of  triclosan  peaks  was  confirmed  by  comparing  the  unspiked  sample  with  a 
positive  control.  In  addition,  a  UV  spectrum  was  extracted  from  each  of  the  triclosan  sample 
peaks  and  compared  to  the  known  UV  spectrum  of  triclosan  for  peaks  at  230  and  280  nm  (Figure 
14).  Peak  purity  analysis,  a  computer  algorithm  that  compares  the  purity  content  of  the  selected 
peak  to  the  average  purity  of  the  peaks  in  that  particular  chromatogram,  was  also  used  to  confirm 
the  data.  The  peak  purity  depends  on  three  factors  -  the  difference  in  spectra  between  the  desired 
solute  and  other  impurities  in  the  sample,  the  differences  in  retention  times,  and  the  intensity  of 
the  absorption  signal  -  higher  absorbances  will  have  higher  peak  purities,  while  it  may  be  very 
difficult  to  get  a  positive  peak  purity  reading  on  a  very  small  peak.  A  positive  reading  assures 
that  only  one  compound  is  contributing  to  the  formation  of  the  analyzed  peak. 
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Figure  14.  UV  spectra  of  triclosan,  showing  absorbance  (mAU)  over  wavelengths  from  190  nm 
to  380  nm.  Triclosan  has  X  maximums  at  230  and  280  nm. 


GC-MS  data  was  not  able  to  confirm/supplement  the  HPLC  results  due  to  column 
difficulties  and  the  complex  matrix  of  the  sample.  Limited  triclosan  standard  results  were 
obtained;  however  wastewater  samples  were  difficult  to  process  and  analyze.  In  Figure  15,  the 
gas  chromatograph  of  the  triclosan  standard  shows  a  peak  at  approximately  19  minutes  with  a 
mass  spectrum  that  matches  the  mass  spectrum  of  triclosan.  Figures  16  and  17  show  spiked  and 
unspiked  wastewater  samples,  respectively.  An  ion  extraction  chromatogram  shows  an 
abundance  of  peaks  from  compounds  with  the  same  molecular  weight  (demonstrating  the 
complexity  of  the  wastewater  matrix),  none  at  or  near  19  minutes.  The  mass  spectrum  of  the 
largest  gas  chromatograph  peak  in  each  sample,  at  approximately  24.5  minutes,  shows  only  four 
of  the  eight  peaks  in  the  triclosan  mass  spectrum. 
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Figure  15.  A  triclosan  standard  gas  chromatograph  and  mass  spectrum,  showing  a  triclosan  peak 
at  approximately  19  minutes.  Triclosan  has  m/z  peaks  at  51,  63,  77,  114,  126,  146,  246,  and  288. 
Seven  of  these  peaks  can  be  seen  in  the  mass  spectrum. 
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Figure  16.  An  ion  extraction  chromatograph  and  mass  spectrum  of  a  spiked  wastewater  sample. 
All  peaks  shown  in  the  gas  chromatograph  have  a  molecular  weight  of  287-290  g/M.  The  mass 
spectrum  of  the  most  abundant  peak,  at  approximately  24.5  minutes,  shows  only  four  of  the  eight 
mass  spectrum  peaks  of  triclosan. 
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Figure  17.  An  ion  extraction  chromatograph  and  mass  spectrum  of  an  unspiked  wastewater 
sample.  All  peaks  shown  in  the  gas  chromatograph  have  a  molecular  weight  of  287-290  g/M. 
The  mass  spectrum  of  the  most  abundant  peak,  at  approximately  24.5  minutes,  shows  only  four 
of  the  eight  mass  spectrum  peaks  of  triclosan. 

Data  Analysis  -  Fluoxetine 

Detection  of  fluoxetine  in  wastewater  has  not  been  achieved  by  any  of  the  HPLC  or 
GC/MS  methods  developed  or  used  during  this  study.  Detection  limits  were  determined  to  be  15 
|xg/L  in  unconcentrated  samples  of  deionized  water  and  filtered  wastewater  effluent  by  analyzing 
progressively  lower  concentrations  of  fluoxetine  standard,  until  the  signal-to-noise  ratio  of  the 
fluoxetine  peak  dropped  below  5.0;  thus  if  fluoxetine  is  present  in  the  central  Virginia 
wastewater  tested,  it  is  at  a  concentration  lower  than  this  limit  (Figures  18  to  21). 
Chromatograms  were  examined  for  fluoxetine  peaks  by  comparing  them  to  a  positively  spiked 
control  sample.  See  Figure  22  for  a  representative  fluoxetine-spiked  sample. 
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FLD1  A,  Ex=231,  Em=310  (SSRM2070213.D) 
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Figure    18.   Charlottesville   unspiked  sample  chromatogram.   The  chromatogram  shows  the 
absence  of  a  fluoxetine  peak  at  or  near  the  standard  retention  time  of  3.2  minutes. 
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Figure  19.  Lexington  unspiked  sample  chromatogram.  The  chromatogram  shows  the  absence  of 
a  fluoxetine  peak  at  or  near  the  standard  retention  time  of  3.2  minutes. 
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Figure  20.  Lynchburg  unspiked  sample  chromatogram.  The  chromatogram  shows  the  absence  of 
a  fluoxetine  peak  at  or  near  the  standard  retention  time  of  3.2  minutes. 


Figure  21.  Roanoke  unspiked  sample  chromatogram.  The  chromatogram  shows  the  absence  of  a 
fluoxetine  peak  at  or  near  the  standard  retention  time  of  3.2  minutes. 
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FLD1  A,  Ex=231.  Em=310  (SSRI\D'W60301.D) 
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Figure  22.  A  representative  chromatogram  of  a  wastewater  sample  with  a  fluoxetine  spike, 
showing  the  peak  retention  time  of  3.2  minutes. 

GC/MS  data  was  not  able  to  supplement  the  HPLC  results.  Fluoxetine  was  unable  to  be 
detected  in  mass  spectrometry  analysis.  A  mass  spectrum  of  fluoxetine  should  show  peaks  at 
309,  294,  190,  and  117;''^  however,  none  of  these  peaks  were  seen  in  any  mass  spectra  data 
obtained  on  fluoxetine  standards.  This  is  mainly  due  to  column  leaks  and  mechanical  difficulties. 


27 


DISCUSSION 

Discussion  of  Results  and  Data  Comparison 

The  USGS  survey  in  2000  detected  triclosan  in  multiple  sites  across  the  country  at  a 
mean  concentration  of  0.14  |u.g/L  and  a  maximum  concentration  of  2.3  M-g/L."^  The  fact  that  our 
concentrations  are  higher  than  the  average  in  the  USGS  study  can  be  explained  by  the 
differences  in  sampling  sites.  The  USGS  sampled  surface  water,  which  would  have  diluted  the 
amount  of  fluoxetine  present  in  the  wastewater  prior  to  release,  resulting  in  lower  concentrations 
than  those  that  are  seen  in  wastewater,  where  this  study  obtained  samples. 

In  addition,  these  data  can  be  compared  to  the  influent  data  collected  in  November  2001. 
The  fact  that  influent  was  sampled  during  this  earlier  study  as  opposed  to  effluent  explains  the 
lower  concentrations  seen  in  the  July  2002  sampling.  Two  other  factors  may  have  also  affected 
triclosan  concentrations  seen  in  the  effluent  -  triclosan  usage  may  have  increased  noticeably  over 
the  course  of  the  past  year,  and  the  local  weather  conditions  produced  a  severe  drought  during 
the  period  of  this  study's  sampling,  which  caused  water  levels  to  drop  and  thus  increased  the 
concentrations  of  any  substances  in  the  water.  However,  these  factors  cannot  be  accurately 
compared  to  effects  they  may  have  had  on  the  influent  sample,  due  to  the  differences  in  sampling 
times. 

Fluoxetine  was  detected  in  the  USGS  study  at  a  mean  concentration  of  0.012  \igfL,^ 
approximately  one  magnitude  lower  than  the  detection  limit  of  the  method  developed  in  this 
study.  These  concentrations  are  all  lower  than  those  being  shown  to  have  detrimental  effects  on 
the  environment.  Another  recent  study  exposed  various  aquatic  organisms,  including  Daphnia 
magna,  Ceriodaphnia  dubia,  and  Pimephales  promelas  to  concentrations  of  fluoxetine  and 
determined  that  the  average  LC50  was  approximately  one  order  of  magnitude  higher  than  the 
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concentrations  actually  being  measured  in  the  environment. *°  Thus,  the  concentrations  presently 
seen  in  the  environment  are  not  toxicologically  relevant. 

Other  studies  have  been  conducted  recently  to  assess  the  levels  of  triclosan  in  wastewater 
influent  and  effluent  as  well.  In  2002,  a  study  conducted  in  Ohio  by  Proctor  &  Gamble  and  Ciba 
found  detectable  levels  of  triclosan  in  all  five  sites  sampled.  In  the  influent,  the  average  triclosan 
concentration  was  10.35  ^ig/L,  and  in  the  effluent  the  average  triclosan  concentration  dropped  to 
1.41  jJ.g/L.'*'  The  data  collected  in  Ohio  and  the  data  from  this  study  are  comparable;  the  average 
influent  concentration  detected  in  Virginia  was  4.7  [ig/L  and  the  average  effluent  concentration 
(which  is  actually  released  into  the  environment)  was  1.5  |xg/L.  However,  this  concentration  is 
still  low  enough  to  impact  the  algae  population  of  the  body  of  water  into  which  the  effluent  is 
being  released;  larger  marine  organisms  would  most  likely  not  show  any  adverse  effects  to 
exposure  at  this  concentration.  The  most  adverse  effects  would  be  seen  at  or  near  the  point  of 
release,  since  the  triclosan  would  be  diluted  by  the  surface  water  to  much  lower  concentrations. 

Based  on  the  fluoxetine  chromatographic  data  and  calculated  detection  limits  and 
extraction  recoveries,  it  is  expected  that  if  fluoxetine  is  present  in  the  wastewater  samples 
collected,  it  is  below  a  concentration  of  0.01  P-g/L.  This  is  essentially  a  negligible  concentration 
in  its  own  regard  (if  the  effects  of  relative  toxicity  levels,  bioamplification,  and  interactions  with 
other  pharmaceuticals  are  not  taken  into  account),  and  would  not  provoke  any  negative 
environmental  effects  which  are  normally  seen  at  concentrations  as  low  as  3000  times  higher, 
and  up  to  40,000  times  higher  than  the  results  inferred  from  this  study.  Other  studies  in  addition 
to  the  USGS  have  detected  fluoxetine  at  similar  concentrations;  data  reported  by  the  EPA  found 
concentrations  of  fluoxetine  ranging  from  low  ng/L  to  1  \igfL^'^ 
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The  presence  of  triclosan  in  three  sites  is  not  surprising,  given  its  widespread  usage.  The 
lack  of  fluoxetine,  however,  was  somewhat  unexpected,  especially  in  larger  WWTP  facilities  or 
those  that  service  very  large  hospitals  and  universities.  The  data  could  have  several  explanations. 
First,  the  concentrations  of  fluoxetine  that  are  present  in  the  wastewater  samples  are  not 
sufficiently  large  enough  to  be  detected  by  our  instrumentation;  thus  it  is  possible  that  fluoxetine 
is  present  at  a  concentration  below  the  detection  limit  of  the  developed  HPLC  method.  If  this  is 
the  case,  very  few  environmental  effects  will  be  seen  as  a  result  of  this  pharmaceutical.  A  second 
explanation  is  that  fluoxetine  and/or  triclosan  is  being  broken  down  at  some  stage  during  the 
treatment  process,  or  possibly  being  adsorbed  to  sludge  particles  and  cannot  be  detected  in  the 
water  samples.  Fluoxetine  is  mainly  released  from  the  body  as  the  metabolite,  norfluoxetine; 
however,  the  chromatograms  of  samples  that  were  analyzed  for  fluoxetine  do  not  appear  to 
display  this  peak  either,  which  would  have  eluted  at  an  earlier  retention  time  than  the  fluoxetine 
peak.  Finally,  it  is  possible  that  the  pharmaceuticals  were  never  present  in  the  sewage. 

Risk  Assessments 

Based  on  the  data  collected  in  this  study,  compared  with  other  current  data  and  the  known 
effects  of  triclosan  and  fluoxetine  at  low  concentrations,  there  appears  to  be  some  risk  from 
triclosan  exposure  to  bacteria  and  microorganisms  such  as  algae.  The  compilation  of  data  in 
other  studies,  as  well  as  this  one,  supports  the  hypothesis  of  consistent  low  levels  of  release  of 
triclosan  into  the  environment.  The  concentrations  of  triclosan  detected  in  the  wastewater 
effluent  are  near  or  above  the  EC50  of  algae  populations;  in  addition,  bacteria  would  be 
experiencing  triclosan  exposure  levels  that  are  low  enough  that  a  population  would  generally  not 
be  harmed,  but  high  enough  that  development  of  resistance  could  begin  to  take  place.  Measures 
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should  be  taken  to  remove  triclosan  from  wastewater  during  the  treatment  process,  and  studies 
should  continue  to  monitor  triclosan  levels  and  effects  seen  in  marine  organisms. 

The  fluoxetine  data  display  less  of  a  threat.  Levels  assumed  to  be  present  are  several 
orders  of  magnitude  below  concentrations  that  would  affect  aquatic  organisms.  However,  the 
effects  of  fluoxetine  in  conjunction  with  other  chemicals  should  be  researched  in  order  to  better 
understand  what  concentrations  may  affect  the  environment  in  a  real-life  setting.  In  light  of  data 
on  these  effects  due  to  interactions  between  fluoxetine  and  other  drugs,  the  concentrations 
demonstrated  in  this  study  and  others  may  become  more  significant. 

The  pharmaceutical  industry  and  some  wastewater  plants  are  both  making  efforts  toward 
the  potential  problems  of  pharmaceuticals  in  the  environment.  A  recent  trend  in  industry  is  the 
production  of  stereochemically  pure  isomers,  which  would  increase  the  effectiveness  of  the  drug 
while  lowering  the  side  effects,  and  also  decrease  the  dosage  by  up  to  50%  because  the  entire 
dose  would  be  in  the  active  form  of  the  drug  instead  of  up  to  half  of  the  drug  being  excreted 
unused  due  to  its  inactive  stereoconformation.'^^  This  would  dramatically  reduce  the  amounts  of 
the  drugs  that  are  put  out  into  the  environment.  In  addition,  the  implementation  of  charcoal  filters 
in  smaller  plants  would  reduce  the  amount  of  drugs  that  survive  the  treatment  process.  Larger 
plants  could  utilize  ozone  treatment  or  photodegradation  via  UV  exposure  to  break  down 
chemicals  to  less  harmful  substances. 

As  pharmaceutical  companies  make  drugs  more  effective  and  potent,  they  will  also  make 
them  harder  to  detect  in  water  samples  due  to  the  decreased  amount  of  the  drug  necessary  for  an 
effective  dose.  The  creation  of  new  drugs  over  the  next  several  years  could  also  drastically 
change  the  fate  of  organisms  in  the  environment,  either  due  to  their  own  effects  or  to  the 
combined  effects  with  other  drugs  currently  in  the  water  systems.  New  research  methods  will 
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need  to  be  developed  to  assess  combinations  of  drugs  to  determine  if  they  are  more  toxic  in 
tandem  than  the  toxicity  of  a  single  drug  in  an  environmental  setting.  Setting  EPA  standards  for 
more  of  the  substances  presumed  to  be  in  wastewater  would  encourage  more  stringent 
monitoring  and  examination  of  wastewater  treatment  plants  and  the  effluent  being  released  into 
the  environment.  This  monitoring  could  ward  off  an  environmental  crisis  before  it  starts,  while 
assuring  us  of  the  availability  of  common  pharmaceuticals  that  may  be  called  into  question. 

Future  Research  Modifications  and  Goals 

Since  triclosan  concentrations  are  being  detected  at  environmentally  significant  levels, 
research  in  this  area  to  determine  the  extent  of  the  environmental  effects  being  produced  by  this 
chemical.  Surface  water  bacteria  should  be  tested  for  both  antibiotic  and  triclosan  resistance,  in 
order  to  adequately  assess  the  problem  of  antimicrobial  resistance  due  to  triclosan  exposure. 
Sampling  and  testing  for  triclosan  at  different  stages  of  the  wastewater  treatment  process  could 
explain  decreased  levels  in  the  effluent  as  compared  to  the  influent,  and  also  determine  where  the 
most  effective  stage  and  method  for  triclosan  removal  would  occur. 

While  it  is  possible  for  research  on  fluoxetine  to  continue  to  determine  whether  toxic 
concentrations  are  present  in  the  environment  more  conclusively,  the  concentrations 
demonstrated  by  this  study  and  others  suggest  that  environmentally  toxic  concentrations  are  not 
being  released  in  wastewater.  Further  research  and  improvement  on  fluoxetine  analysis  methods 
would  confirm  this  hypothesis.  Several  areas  could  be  improved  in  this  research  in  order  to 
produce  a  better  range  of  data  and  more  comprehensive  assessments,  as  well  as  better  sample 
preparation  and  analysis.  Advancements  in  sample  preparation  and  extraction  have  been  made 
over  the  course  of  this  study,  particularly  in  the  SPE  method,  but  limitations  were  soon  seen  in 
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detection  capabilities.  LC/MS  would  be  the  ideal  research  instrument,  allowing  very  precise 
detection  and  analysis  of  extremely  low  concentrations  due  to  the  additional  data  provided  by  the 
instrument;  however  in  this  case  this  is  cost  prohibitive  and  alternatives  must  be  used.  The 
detection  capabilities  of  fluorescence  chromatography  (1  to  10  pg  limit)  are  more  sensitive  than 
LC/MS  (lOOpg  tolng  limit),'^  and  improvements  to  the  fluoxetine  method  would  maximize  these 
capabilities  in  the  absence  of  mass  spectra  data.  Method  developments  that  could  be  investigated 
include  injecting  a  larger  volume  of  sample  (while  maintaining  a  balance  between  peak  height 
and  peak  width),  decreasing  the  column  temperature,  and  using  a  more  polar  mobile  phase  (i.e. 
DMSO)  to  achieve  better  separation  of  fluoxetine  from  the  rest  of  the  wastewater  matrix. 
Development  of  a  GC/MS  method  could  also  produce  data  that  would  give  a  more 
comprehensive  picture  by  allowing  confirmation  of  the  HPLC  data  or  detection  in  the  GC/MS 
data  alone.  A  spectral  library  could  also  be  created  in  order  to  more  accurately  confirm  the 
triclosan  peak  using  UV  spectra  analysis. 

Improvements  can  also  be  made  to  the  sampling  process.  This  study  used  a  "snapshot" 
collection  method,  where  a  sample  was  collected  at  only  one  point  in  time;  composite  sampling 
could  be  investigated  in  the  future  to  produce  a  better  mean  of  pharmaceutical  concentrations 
over  time  by  eliminating  the  effects  of  a  brief  increase  or  decrease  in  the  concentrations  due  to 
fluctuations  in  use.  Sampling  sites  should  be  expanded  and  more  samples  collected  to  maximize 
the  precision  of  the  data  and  reduce  or  eliminate  the  effects  of  one  or  more  unusual  data  points, 
and  influent  and  effluent  should  be  collected  at  the  same  time  so  that  a  better  comparison  can  be 
made  as  to  how  much  of  a  particular  pharmaceutical  is  broken  down  or  adsorbed  to  sludge 
during  the  water  treatment  process. 
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In  addition  to  wastewater  analysis,  other  routes  of  entry  into  the  water  system  and  the 
environment  should  be  examined  for  pharmaceutical  concentrations.  The  most  important  of  these 
routes  is  the  leaching  of  contaminants  into  ground  water  from  fields.  Contaminants  absorb  to 
sludge  (solid  waste)  in  the  wastewater  plant,  which  is  then  removed  and  used  as  an  agricultural 
fertilizer.  An  additional  route  is  through  the  disposal  of  industrial  waste  at  any  point  during  the 
pharmaceutical  manufacturing  process.  Concentrations  of  pharmaceuticals  entering  the 
environment  through  these  routes  may  not  reach  bodies  of  water  until  they  have  been  diluted  out 
to  much  lower  concentrations  by  water  runoff,  and  an  accurate  picture  of  the  effects  of 
pharmaceuticals  in  the  environment  cannot  be  determined  without  concentration  data  from  all 
routes  of  entry.  Finally,  chronic  effects  of  these  pharmaceuticals  should  be  studied  in  addition  to 
acute  effects,  since  the  highest  possibility  of  exposure  of  aquatic  organisms  to  these 
contaminants  is  through  long-term,  low  level  release  into  the  water  system  rather  than  exposure 
to  very  high  concentrations.  The  effects  seen  in  studies  of  chronic  exposure  to  pharmaceuticals 
may  lead  to  improved  monitoring  of  these  concentrations  in  wastewater  and  treatment 
procedures  to  remove  these  contaminants. 
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CONCLUSIONS 

The  triclosan  concentrations  detected  in  central  Virginia  wastewater  effluent  averaged  1 .5 
|ig/L,  a  concentration  high  enough  to  be  toxic  to  algae  populations  while  still  low  enough  to 
allow  bacteria  to  thrive  and  potentially  develop  resistance.  Fluoxetine  was  not  detected  through 
any  of  the  developed  methods;  based  on  the  lack  of  conclusive  HPLC  data  it  is  assumed  to  be 
present  at  a  concentration  below  0.01  |ag/L,  one  to  two  orders  of  magnitude  lower  than 
concentrations  that  have  been  shown  to  produce  adverse  effects  in  aquatic  organisms. 

This  study  has  shown  only  a  very  small  portion  of  the  possible  pharmaceuticals  that  can 
affect  the  environment  through  release  in  wastewater;  many  others  may  be  present  that  can  have 
grave  consequences,  and  this  area  of  environmental  research  must  continue  to  be  assessed.  These 
pharmaceuticals  should  be  monitored  over  a  period  of  years  to  determine  if  increased  usage  in 
the  general  population  will  raise  concentrations  above  safe  levels  for  microorganisms  and 
macroorganisms. 
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